performed in mice of 60 days of age; one week later the mice were subjected to further surgery to reposition the organs in the scrotum. The mice were sacrificed at 1 week intervals until 11 weeks after the initial operation.
After the first operation, spermatozoa in the epididymal duct rapidly disappeared and were almost absent until the 4th week. Then spermatozoa appeared again, increased, and reached normal numbers by 10 weeks. With the disappearance of the spermatozoa, a PAS-positive material, which is believed to be secreted in the middle part of the head of the epididymal duct (ABE et al., 1982) , was accumulated in the epididymal duct in the body and tail of the epididymis, and PAS-positive inclusions appeared in the principal cells of the duct in the body 2 weeks after the first operation.
The inclusions developed in size and number during the aspermia period, then decreased in number with the reappearance of spermatozoa from the 5th week to ultimately disappear by 10 weeks after the first operation.
We have previously demonstrated that such inclusions appear also after efferent duct ligation, which interrupts the flow of spermatozoa and testicular fluid into the epididymal duct (ABE et al., 1982) . Both present and previous findings indicate that the appearance of PAS-positive inclusions depends on the absence of spermatozoa in the epididymal duct irrespective of the presence of the testicular fluid in the duct. It is suggested that the PAS-positive material is utilized by spermatozoa and, in the absence of spermatozoa, is accumulated in the lumen and ingested by the principal cells of the epididymal duct in the body of the epididymis.
The maturation of spermatozoa during the epididymal passage and storage is considered dependent on the microenvironment created by the epithelium of the epididymal duct (reviews by BEDFORD, 1975; HAMILTON, 1975) . Current evidence indicates that the epithelial cells of the epididymal duct, especially in the head of the epididymis, produce a glycoprotein that both binds to spermatozoa and takes part in their maturation (LEA et al., 1978; FAME et al., 1980; MooRE, 1980; JONES et al., 1981; BROWN et al., 1983) . From morphological differences in the epithelium, the epididymal duct has been differentiated into several segments which appear to vary functionally (reviews by BEDFORD, 1975; HAMILTON, 1975) . In mice, we have divided the duct into five segments (I to V) : Segments I, II, and III constitute the head of the epididymis, Segment IV the body, and Segment V the tail (TAKANO, 1980 ; ABE et al., 1982 ABE et al., , 1983b . The epithelial cells in Segment II appear to secrete PAS (periodic acid-Schiff)-positive material (ABE et al., 1982) . We have demonstrated that ligation, or the cutting of the efferent duct, induces the appearance of PAS-positive inclusions in the epithelium of Segment IV (ABE et al., 1982 (ABE et al., , 1984b . This suggests that the PAS-positive material contains the glycoprotein that binds to spermatozoa and, in the absence of spermatozoa, excess glycoprotein is absorbed by the epithelial cells in Segment IV, and deposited as intercellular inclusions.
The efferent duct ligation and cutting, however, exclude not only spermatozoa but also testicular fluid from the epididymal duct. This testicular fluid is thought to influence the function of the epididymal duct (FAWCETT and HOFFER, 1979) . It is questioned whether or not the appearance of the PAS-positive inclusions after the duct ligation or cutting is due to epididymal dysfuntions associated with a lack of testicular fluid. Thus, to further explain the relationship between spermatozoa, testicular fluid, and epididymal PAS-positive material, we examined the epithelium of the epididymal duct in the absence of spermatozoa while allowing the inflow of testicular fluid. To achieve this condition, temporal cryptorchidism, which temporally disrupts spermatogenesis (PAYNE,1956; CLEGG,1963; ATKINSON,1973) , was performed in mice. This also enabled the observation of the effects of the disappearance and reappearance of spermatozoa in the epididymal duct.
MATERIALS AND METHODS
In this study, 120 male dd-mice were used. At 2 months of age, the mice were subjected to unilateral cryptorchid surgery with the following procedures: The animals were anesthetized with intraperitoneally injected pentobarbital sodium (Nembutal), and, through a right lateral abdominal incision, the right testis and epididymis were pulled up and anchored to the peritoneum just below the edge of the liver by suturing the epididymal fat pad. One week later the mice received further surgery to reposition the testis and epididymis in the scrotum by removing the suture.
The mice were killed at 1 week intervals up to 11 weeks after the first operation. Unoperated 2 month-old mice were also killed as controls. The right and left testes and epididymides were removed and, after a weighing of the testes, were fixed in Bouin's fixative for 6 hrs, dehydrated, and embedded in paraffin. Longitudinal sections of the epididymis and testis were cut serially at 6 ,um, stained with periodic acid-Schiff reagent (PAS) and hematoxylin, and observed by light microscopy.
The approximate number of spermatozoa in the epididymal duct and that of cells containing PAS-positive inclusions in the epithelium were counted in Segment IV using one section of each epididymis. For the counting, a middle portion of Segment IV or the portion showing the most marked appearance of the inclusions in Segment IV was selected, and the number of spermatozoa in the duct lumen as seen through an ocular microsquare for an area (752 ,um) on the section as well as the number of PAS-positive inclusions in the optical field (450 ,um in diameter) were counted under an objective lens at 40x.
RESULTS
After the cryptorchid surgery (first operation) the weight of the testes decreased rapidly for 2 weeks and then gradually increased from the 3rd week to reach normal levels by 11 weeks (Fig. 1) .
The seminiferous tubules of the testes 1 week after the cryptorchid surgery showed a depletion of spermatozoa, degenerative changes in late spermatogenic cells, and the appearance of giant cells containing several nuclei similar to the nuclei of spermatids. After the second surgery to relocate the testis in the scrotum, the tubules became more atrophied. Spermatozoa and spermatids had almost disappeared from the germinal epithelium, leaving spermatogonia, early spermatocytes, and Sertoli cells which were vacuolated 2 weeks after the first operation. At 3 weeks, the germinal epithelium in some of the testes showed a regeneration of spermatogenic cells; normal spermatids were again observed at this time. The most differentiated spermatozoa began to be restored at 5 weeks and the testis was nearly normal in appearance at 7 weeks. In the epididymis of the unoperated mouse, the epididymal duct contained spermatozoa, especially was the lumen in Segments IV and V distended with abundant spermatozoa, and the lumen in Segments II to V possessed PAS-positive material together with spermatozoa (Fig. 2, 3a) . A few spermatids were found in the duct.
The epididymal duct 1 week after the cryptorchid surgery contained considerable numbers of degenerated spermatogenic cells, mainly spermatids and late spermatocytes. Spermatozoa had almost disappeared from the lumen in Segments I, II, and III and were rare in Segment IV. The number of spermatozoa in Segment V was slightly reduced. In the epididymis 2, 3, and 4 weeks after the first operation, spermatozoa were absent or very rare in the duct of Segments I to IV (Fig. 3b, c) , though Segment V showed some storage of a small number of spermatozoa. Spermatids were also seen in the duct lumen. After 5 weeks, spermatozoa reappeared in the lumen first in the proximal and later in the distal regions of the epididymal duct. Their numbers increased, to reach normal counts and distribution in the epididymal duct at 10 weeks (Fig. 3d) . The intraluminal spermatids became rarer and reached the level of the normal control. Thus, cryptorchidism for 1 week was followed by aspermia or oligospermia in the epididymal duct for 4 or 5 weeks (Fig. 4) .
With the disappearance of the spermatozoa, PAS-positive material accumulated in the lumen of the epididymal duct, especially Segments IV and V (Fig. 3b, c) . Throughout the epididymis the lumen showed no changes in diameter despite the absence or rarity of spermatozoa. The PAS-positive material in Segments IV and V was more intensely stained than that in the control lumen with spermatozoa ( Fig. 3a-c) .
The epithelium of the epididymal duct showed no changes 1 week after the first operation. At 2 weeks, some principal cells in the epithelium of Segment IV showed an accumulation of weakly or moderately PAS-positive granules in the supranuclear cytoplasm (Fig. 3b) . Principal cells containing a PAS-positive globule, occasionally as large as the nucleus, were found. The inclusions became more prominent and frequent at 3 and 4 weeks (Fig. 3c) , and displayed a more distinct reaction to PAS than those at 2 weeks. The accumulations of the PAS-positive granules of varying size, or round globules which were often larger than the nuclei, occupied the supranuclear cytoplasm of the principal cells. After 4 weeks the inclusions were mainly globular and strongly PAS-positive (Fig. 3d) . The inclusions were distributed mainly at the middle of or slightly to the proximal portion of Segment IV (Fig. 2) . In those duct profiles which revealed marked changes, half or one third of the principal cells showed PAS-positive inclusions. Principal cells with no inclusions appeared unchanged.
The number of the PAS-positive inclusions gradually decreased with the increasing numbers of spermatozoa in the lumen in Segment IV after 5 weeks. In the period between 5 and 9 weeks after the initial operation, spermatozoa and detached spermatogenic cells in the lumen of Segment IV often coexisted with PAS-positive inclusions in the epithelim. At 10 weeks the PAS-positive inclusions had disappeared from all epididymis examined. Thus, the PAS-positive inclusions in the principal cells of Segment IV appeared after aspermia and disappeared with the reappearance of spermatozoa in the epididymial duct (Fig. 4) .
In the segments other than Segment IV, there were no marked changes in the epithelium of the epididymal duct.
The unoperated epididymides showed no change. 
DISCUSSION
Experimental cryptorchidism caused testicular atrophy due to the degeneration of spermatogenic cells, as observed by previous investigators (PAYNE,1956; CLEGG,1963; JONES et al., 1977) . We have also observed spermatogenic cell degeneration induced by testicular irradiation in mice; the irradiation affected early spermatogenic cells such as early spermatocytes and some spermatogonia, and produced aspermia in the epididymis after a latency period of 5 weeks (ABE et al., 1983a) . On the other hand, experimental cryptorchydism first involuted the most differentiated spermatogenic cells and achieved epididymal aspermia as early as 1 week after operation. The testicular regression appeared to continue for one week after restoration. It can be assumed that the degeneration stops soon after the restorative operation and the germinal epithelium begins to regenerate, but the discharge of the degenerated spermatogenic cells from the testis introduces a further decrease in testicular weight and the atrophying of the seminiferous tubules. The process of spermatogenesis from spermatogonia to spermatozoa in mice lasts 5 weeks (OAKBERG, 1956) . The degeneration in this study reached the late spematocytes, which need about 3 weeks to develop into spermatozoa.
Thus, the temporary cryptorchidism for one week produced the rapid occurrence of a 5-week aspermia period followed by a 5-week recovery period.
During the aspermia period, PAS-positive inclusions appeared and developed in the principal cells in Segment IV identically to the response for efferent duct ligation or cutting (ABE et al., 1982 (ABE et al., , 1984b . With aspermia induced by cryptorchidism, testicular fluid enters the epididymal duct; by efferent duct interruption such is not the case. The findings here indicate that the PAS-positive inclusions disappear with the reappearance of spermatozoa. There is a clear and close relationship between the inclusions and spermatozoa.
The appearance of the PAS-positive inclusions in the principal cells was associated with an accumulation of PAS-positive material in the duct lumen in Segment IV. This accumulation is directly related to the disappearance of spermatozoa as shown in this and previous studies (ABE et al., 1982 (ABE et al., , 1983a (ABE et al., , c, 1984a . The PAS stainability of the normal mouse epididymis and the results of ligation at various levels of the excurrent duct system of the testes suggest that the PAS-positive material in the epididymal duct is secreted by the principal cells in Segment II (ABE et al., 1982) . In addition, similar changes to those mentioned above occurred in adult mice subjected to neonatal interruption of the efferent duct ; conversely, neonatal interruption of the epididymal duct between Segments III and IV did not induce such changes (ABE et al., 1984b) . The epithelial cells of the epididymal duct are undifferentiated in neonatal mice, and differentiate with age (TAKANO, 1980) . The epithelial cells in the proximal region of the duct are able to differentiate without contact with spermatozoa to produce PAS-positive material.
Recent studies have indicated that the epithelium of the epididymal duct secretes a specific glycoprotein or protein binding to spermatozoa to enable their maturation; this substance is secreted in the region immediately distal to the initial segment in the head of the epididymis (LEA et al., 1978 ; FAME et al., 1980 ; MOORE,1980 ; JONES et al., 1981; BROWN et al., 1983; KLINEFELTER and HAMILTON, 1985; SAXENA et al., 1986) . Glycoprotein stains positively with PAS. Thus, it is likely that the luminal PASpositive material contains the glycoprotein which is utilized by spermatozoa.
In the absence of spermatozoa, this substance may remain unbound, accumulate in the lumen, and be absorbed by the principal cells of Segment IV forming intercellular inclusions. The inclusions initially occur as small granules and develop into a single large globule in each cell. Previous electron microscopic observations have indicated that the material ingested from the duct lumen is transported into multinuclear bodies which grow to a giant body through a fusing of the smaller ones and then condense and disintegrate (ABE et al., 1984a) . After the reappearance of spermatozoa, the PASpositive inclusions were not granular but globular, showing distinct PAS-reaction. This suggests that no new inclusions were formed during the recovery period and that the disintegration of the ingested material in the large inclusions took about 4 to 5 weeks. Electron microscopy of the normal epididymis has demonstrated that particular inclusions containgng a bundle of tubules occur only in the principal cells of Segment IV (ABE et al., 1983c) , and that such tubule bundles also appear in the above mentioned multivesicular bodies (ABE et al., 1984a) . It may then be assumed that even under normal conditions the principal cells absorb and digest the luminal material which is unbound to spermatozoa.
Is it possible that the PAS-positive inclusions appear as a result of the functional depletion of Segment IV? The functions of the epididymal epithelium depend on androgen (CAVAZOS, 1958; JONES et al., 1980) , and a high concentration of androgen bound to androgen-binding protein in the tesicular fluid entering the epidiymal duct appears to influence the functions of the epididymal epithelium, especially in the initial segment (HANSSON and DJOSELAND, 1972 ; FAWCETT and HOFFER,1979) . The functions of the other segments may also be influenced by the testicular fluid. Although in this experiment the flow of the testicular fluid to the epididymal duct was not blocked, the constituents of this fluid may be altered, affecting the epididymal function during the cryptorchydism. The cryptorchydism-induced vacuolation of Sertoli cells with the loss of some spermatogenic cells and changes in the secretory funtion of Sertoli cells have been suggested by previous investigators (SETCHELL, 1970; JONES et al., 1977) . However, the period of cryptorchydism in this study was short, and the PAS-positive inclusions developed in the period in which spermatogenesis was once more proceeding, possibly in an androgen-binding protein rich microenvironment created by the Sertoli cell function, after the restorative operation. It is therefore unlikely that the appearance of the PAS-positive inclusions could be caused by epithelial dysfunction.
The present study confirmed the close relationship between the PAS-positive material, the absence of spermatozoa but not of fluid from the testis, and the Segment IV function in the epididymal duct. The PAS-positive material is believed to be secreted in Segment II, as mentioned above, and therefore two distant segments, Segment II and Segment IV, seem to secrete and absorb the same material. The PAS-positive material was stored in Segment V as well as in Segment IV, but the principal cells in Segment V showed no PAS-positive inclusions. In Segment V, the luminal material appears to be taken up by numerous clear cells in this segment (MITA and ABE, 1986) . Thus the uptake of the PAS-positive material by the principal cells may be related to the specific function of Segment IV. The sites of secretion and absorption of the PAS-positive material will be more directly determined by immunohistochemical studies of this material tracing the sequence of events in the epididymis.
